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I. Intrinsic radiative lifetime of 1D excitons in quantum wires
A single-mode 1D system ( Fig. S1 ) is considered in the calculations. The exciton-radiation interaction in a wire is described by the following 1D Hamiltonian, which is different from the 3D Hamiltonian: 
S3
Thus, the transition probability is 2 * 2 2 0 , 2 0
. Parameter definition in the one-dimensional (1D) system considered in the calculations. n is the refractive index of the wire, ε 0 is the GaAs dielectric constant, L is the length of the wire, S is the cross-sectional area of the wire, and v=LS is the volume of the wire. k  is the 3D photon wave vector, k z is the z-direction component, and k   is the perpendicular component. 
where K is the exciton wavenumber, 0
is the photon wavenumber with energy at the exciton resonance, and c is the speed of light. 
II. 1D excitonic absorption in quantum wires
To generate excitons, we assume the initial and final states of excitons to be
respectively. The matrix element can be written as
The transition possibility from the ground state to exciton state is given as
Because the energy is constant during the energy transition from photon to exciton, we obtain
where n is the refractive index and the factor of 2 is derived from the spin degeneracy. Therefore, the absorption coefficient can be written as
and the integration absorption coefficient is
The integrated absorption coefficient of excitons with polarization i=x, y, or z is then given as
By comparing S13 with S7, the relationship between the radiative lifetime and integrated absorption coefficient of excitons in a quantum wire is expressed as
III. Relationship between intrinsic radiative lifetime and absorption cross section of 1D excitons in quantum wires
The absorption cross section of 1D excitons per unit length (or the absorption cross-sectional width) is given as
Then, the integrated absorption cross section of 1D excitons per unit length is
This is the most important equation in this paper; using this equation, we evaluated the intrinsic lifetime of 1D excitons via the absorption cross section. This equation is equivalent to Einstein's A-B relation for 1D excitons. Indeed, assuming that the wire is oriented randomly with respect to the light fields and using
, we obtain the angle-averaged expression
which can be rewritten more intuitively as degeneracy, the 2D photon density of states, and the photon energy at the exciton resonance, respectively. Due to the low dimensionality and spin degeneracy, this relationship is different from the familiar Einstein A-B relation for atomic dipole systems with a 3D photon density of states.
IV. Temperature-dependent radiative lifetime of 1D excitons in quantum wires
The radiative lifetime of low-dimensional excitons has been studied in various materials via temperature-dependent time-resolved PL measurements [R1-R3] . The intrinsic lifetime 0  determines the absolute values of the temperature-dependent PL lifetime ( ) T  of thermalized free excitons when non-radiative decay is negligible. Fig. S2 shows a schematic explanation of the thermalization of excitons and the temperature dependence of radiative lifetime. The following is an explanation of the theoretical T dependence of the radiative lifetime of 1D free excitons: during optical processes in semiconductors, only excitons with a small wavenumber K < k 0 can decay radiatively due to the k-conservation rule in the direction of free motion. However, theoretically optically inactive excitons with K > k 0 retain an important effect on the radiative lifetime of excitons because the system is in quasi-thermal equilibrium. Therefore, the average radiative lifetime of 1D excitons is given by
is the density of states of the excitons in a quantum wire, and f(E) is the Maxwell-Boltzmann distribution of excitons. The rate of integration indicates the probability of excitons existing in the optically active region (0 < E < ), 1D
 is the intrinsic radiative lifetime of the 1D excitons at K ~ 0, k B is the Boltzmann constant, and
, where M is the exciton effective mass.
V. Details of the evaluation of  1D
In our novel method, we obtain the peak absorption cross section per length 
f(E)
Using the conventional method, on the other hand, we measured the temperature-dependent exciton photoluminescence lifetime following ( ) T  = 0.11 T ns and compared it with the value obtained using Eq. S19. 
VI. Sources of uncertainty in the determination of  1D
In this section, we examine the possible sources of uncertainty in the determination of D 1  . A summary of the possible sources and estimates of uncertainty in the two measurement methods is shown in Table SI .
In our method of measuring the absorption cross section, we neglected the carrier loss during carrier relaxation from the arm well to the T-wires and assumed that the PLE spectrum was proportional to the absorption rate. We estimated the possible error due to neglecting the carrier loss in the arm well to be 10 % on the grounds that the measured arm-well PL intensity was small, i.e., always well below 10 % of the T-wire PL. Another 10 % uncertainty may arise from the estimation of These are summarized in Table SI . Hence, we estimate that a maximum of 20 % uncertainty is involved in our evaluation and conclude that D 1  = 110  20 ps.
In the conventional approach that uses temperature-dependent time-resolved PL to derive the radiative lifetime ( ) T  at temperatures of less than 60 K, we neglected the non-radiative-decay contribution in the PL decay, despite the decrease in the integrated-PL intensity by a factor of 1/2 near 50 K under the arm-well excitation. This corresponds to the case in which the decrease in PL intensity due to non-radiative decay occurs only during initial hot-carrier relaxation processes shortly after photo-excitation. This is supported by the fact that excitation into the stem wells resulted in a change in the PL intensity but almost no change in the PL lifetime.
Conversely, if we take the other extreme and attribute the decrease in the PL intensity by a factor of 1/2 near 50 K entirely to the non-radiative contribution to the PL decay rate 1/ ( ) T = 150 ps (25 -300 ps) via the PL lifetime measurement is confirmed for the high-quality T-wires used in this study. We emphasize here that the uncertainty in the absorption-cross-section measurement used to derive D 1  (110 ps) was small because the 2D continuum absorption rate by a single sub-band of the arm well provided a reliable standard. Although measurements of the absorption cross section for 1D materials remain rare [R12-R14] , the low uncertainty is a great advantage. In addition, the temperature independence of the absorption cross section represents another advantage in cases for which temperature-dependent measurements are difficult. Figure S3 shows the PL decay profiles of T-wires at 10, 30, and 60 K at excitation photon energies of 1.617 and 1.664 eV corresponding to excitation into the arm or stem continuum states respectively. Note that the decay profiles were nearly independent of the excitation energy. In addition, the measured PL decays of the stem and arm wells were always faster than those of the T-wires, which is consistent with the weak PL of the stem and arm wells shown in Fig. 2 . These trends indicate that the initial carrier flow from the arm or stem wells to the T-wires was rapid, and the delayed carrier feeding from the arm or stem wells was negligible. Thus, the PL decay represents the exciton lifetime in the T-wires. Single-exponential decay profiles were observed over one order of magnitude, and the lifetimes were derived by analyzing the PL decay curves using simple, single-exponential fits with offset constants.
VII. PL decay profiles of excitons in T-wires

VIII. Schematic growth procedure of T-wire
The growth procedure (cleaved-edge overgrowth) of the T-wires consisted of two steps: In the first step, stem wells were grown on a (100) GaAs substrate; the number of quantum wires was determined by the number of stem wells. After the first growth step, the sample was cleaved [R15] and an arm well was grown on the cleaved (110) surface of the wafer. To improve the surface quality of the arm well, growth-interrupted annealing was performed [R16] . After the annealing, a barrier layer and a cladding layer were grown on the arm well, and T-wires were formed at the intersections of the stem wells and the arm well. Examples of this procedure for growing T-wires can be found in previous publications [R17-R19] .
IX. Background of the 2D-continuum absorption standard.
In our previous publication [R6] , we clarified the following two points: 1) The physics of material-independent absorption strength of 2D continuum plateau is fundamentally the same as the universal quantized conductance and the quantum Hall resistance standard of a 2D electron gas providing the fine-structure constant α f , and the absorption strength of 2D continuum plateau is similarly useful as an absorption-strength standard. 2) Practical investigations and calculations of all correction terms and their uncertainty including the coulomb interactions was achieved and the standard value and uncertainty of 0.7%±0.14% was evaluated for the constant absorption strength of the 2D continuum plateau in a GaAs QW.
Even prior to this work [R6] , the constant absorption probability of the 2D continuum plateau in a QW has been well known experimentally. In fact, the value of the 2D continuum absorption strength of around 1% was measured in many measurements results starting from Masumoto et.al. [R20] . In addition, the fact that the absorption probability of the 2D continuum plateau is almost material-independent is written in a textbook [R21] . Therefore, the 0.7% absorption probability has been verified experimentally within rough accuracy. However, experimental verifications of this 0.7% value with a very high precision within ±0.1% has not been achieved yet. This is mainly because it is very difficult to ensure high enough accuracy in measurements. Especially, reflection and interference between the front and back surfaces prevent us from determining the absolute magnitude of the internal electrical field a high accuracy, which limit the measurement accuracy of the absorption probability.
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